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'XULQJ SODQQHG SHULRGLF RXWDJHV D VHOHFWLRQ RI IXHO FKDQQHOV ZLWKLQ WKH 8. IOHHW RI
$GYDQFHG *DVFRROHG 5HDFWRU $*5 FRUHV DUH LQVSHFWHG XVLQJ VSHFLDOLVW WRROV ZKLFK UHFRUG
YLGHR IRRWDJH DQG RWKHU VHQVRU\ GDWD IRU HDFK FKDQQHO ZKLFK XQGHUJRHV LQVSHFWLRQ &XUUHQW
YLVXDOL]DWLRQ WHFKQLTXHV FRPSULVH RI PDQXDOO\ SURGXFHG PRQWDJHV E\ LQVSHFWLRQ HQJLQHHUV RI
SRLQWV RI LQWHUHVW LH VWUXFWXUDO GHIHFWV DQG ' SDQRUDPLF LPDJHV RI WKH IXHO FKDQQHOV
DXWRPDWLFDOO\SURGXFHGXVLQJEHVSRNHLPDJHVWLWFKLQJVRIWZDUH%RWKWHFKQLTXHVKRZHYHUSURYLGH
OLPLWHG VWUXFWXUDO LQIRUPDWLRQ GXH WR WKH ORVV RI GHSWK GDWD DV D UHVXOW RI WKH LPDJH IRUPDWLRQ
SURFHVV%\UHFRYHULQJWKHGHSWKLQIRUPDWLRQIURPWKHIRRWDJHD'PRGHOFRXOGEHFRQVWUXFWHG
DQGVXEVHTXHQWO\DOORZIRUPRUHDFFXUDWHSURILOLQJRIVSHFLILFGHIHFWVREVHUYHGGXULQJLQVSHFWLRQ
LQDGGLWLRQWRREWDLQLQJWKHIXHOFKDQQHOVVWUXFWXUHXVLQJH[LVWLQJIRRWDJH7KLVZRUNH[SORUHVWKH
SUHOLPLQDU\DSSOLFDWLRQRID'YLVXDOL]DWLRQ WHFKQLTXHNQRZQDV6WUXFWXUHIURP0RWLRQ6I0
ZKLFK DLPV WR REWDLQ ' LQIRUPDWLRQ E\ H[SORLWLQJ LPDJH FRUUHVSRQGHQFHV DFURVV PXOWLSOH
YLHZSRLQWV RI WKH VDPH VFHQH LQ WKH 59, IRRWDJH 7KLV SDSHU LQYHVWLJDWHV WKH GLIILFXOWLHV RI
DSSO\LQJ VWDWHRIWKHDUW6I0 WR59, IRRWDJH DQGZHSUHVHQWQHZ WHFKQLTXHV WR LPSURYH IHDWXUH
FRUUHVSRQGHQFHVHDUFKLQJLQUHSHWLWLYHQRQGHVFULSWHQYLURQPHQWV
.H\:RUGV9LVXDOLQVSHFWLRQ6WUXFWXUHIURP0RWLRQ,PDJHSURFHVVLQJ)HDWXUHGHWHFWLRQ
 ,1752'8&7,21
:LWKLQ WKH 8. WKHUH H[LVWV D IOHHW RI VHYHQ $GYDQFHG *DVFRROHG 5HDFWRUV $*5 ZKLFK DUH
DSSURDFKLQJRUKDYH H[FHHGHG WKHLU RULJLQDO FRQVHUYDWLYHGHVLJQ OLIHWLPHHVWLPDWLRQV$VD UHVXOW LW LV
LPSRUWDQWWRULJRURXVO\LQVSHFWDQGPRQLWRUWKHFRQGLWLRQRIFRPSRQHQWVZKLFKFRQWULEXWHWRWKHGHVLJQ
OLIHWLPH OLPLWDWLRQ 2QH RI WKH PDMRU OLIHOLPLWLQJ FRPSRQHQWV ZLWKLQ WKH$*5 GHVLJQ LV WKH JUDSKLWH
UHDFWRU FRUH 7KH JUDSKLWH FRUH LV FRPSULVHG RI D VL[WHHQ VLGHG ODWWLFH VWUXFWXUH RI LQWHUFRQQHFWHG
F\OLQGULFDOJUDSKLWHEULFNVZKLFKDFFRPPRGDWHIXHODQGVXSHUKHDWKLJKSUHVVXUHFDUERQGLR[LGHFRRODQW
JDV XVLQJ D VXVWDLQHG FRQWUROOHG QXFOHDU UHDFWLRQ *UDGXDOO\ IDVW QHXWURQ LUUDGLDWLRQ DQG UDGLRO\WLF
R[LGDWLRQ FDXVHV GHJUDGDWLRQ RI WKH JUDSKLWH EULFNV UHVXOWLQJ LQ SK\VLFDO DQG VWUXFWXUDO FKDQJHV RI WKH
EULFNSURSHUWLHVZKLFKFDQLQGXFHVWUXFWXUDOGHIHFWV>@

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7R YLVXDOO\ DVVHVV WKH UHDFWRUV¶ RSHUDWLRQDO GHJUDGDWLRQ 5HPRWH 9LVXDO ,QVSHFWLRQ 59, FROOHFWV
YLGHRIRRWDJHZKLOVWWKHUHDFWRULVWHPSRUDULO\VKXWGRZQIRUSHULRGLFH[DPLQDWLRQ'XULQJLQVSHFWLRQWKH
IXHOLVH[WUDFWHGIURPWKHFKDQQHOVDQGLQVSHFWLRQHQJLQHHUVHYDOXDWHHDFKSUHVHOHFWHGIXHOFKDQQHOXVLQJ
VSHFLDOLVW HTXLSPHQW7KH 59, SURFHVV EHJLQV E\ ILUVW ORZHULQJ WKH LQVSHFWLRQ WRRO LQ WKH IXHO FKDQQHO
ZKLFKIDFHVIRUZDUGDVLWGHVFHQGV:KHQWKHLQVSHFWLRQWRROUHDFKHVWKHERWWRPRIWKHFKDQQHODPLUURU
LVGHSOR\HGWRFKDQJHWKHREVHUYDEOHRULHQWDWLRQRIWKHFDPHUDWRIDFHWKHFKDQQHOZDOOZKHUHVXFFHVVLYH
VFDQVRIWKHFKDQQHOZDOOLVREWDLQHGE\PDQHXYHULQJWKHFDPHUDXSDQGGRZQDWDQRULHQWDWLRQVWHSVL]H
RIേ ? ? ?'XHWRWKHOLPLWHG)LHOGRI9LHZ)R9RI ?HDFKVFDQKDVDVPDOOGHJUHHRIRYHUODSEHWZHHQ
UHFRUGLQJVWRHQVXUHWKDWIXOOFKDQQHOFRYHUDJHLVREWDLQHG>@,PDJHVWLOOVRIWKHGLIIHUHQWVWDJHVRIWKLV
SURFHVVFDQEHYLHZHGLQ)LJ7KURXJKRXWWKHLQVSHFWLRQHQJLQHHUVZLOOWDNHQRWHRIUHJLRQVRILQWHUHVW
VXFKDVFUDFNVZLWKLQWKHH[DPLQHGIXHOFKDQQHOWKDWZLOOEHIXUWKHU VFUXWLQL]HG2QFHWKH LQVSHFWLRQLV
FRPSOHWH WKH 59, GDWD LV IXUWKHU DQDO\VHG XVLQJ LPDJH PRQWDJHV RI WKH UHJLRQV RI LQWHUHVW 7KLV LV
SHUIRUPHGPDQXDOO\IURPDGGLWLRQDOIRRWDJHZKLFKIXUWKHUREVHUYHVGHIHFWVRIWHQWHUPHGFUDFNIROORZLQJ
IRRWDJH 7KLV LV FULWLFDO DV WKH LPDJH PRQWDJHV SURYLGH YDOXDEOH LQIRUPDWLRQ DERXW FRQGLWLRQ RI WKH
FKDQQHODQGKLJKOLJKWDQ\VWUXFWXUDOGHIHFWVDQGWKHLUSURSHUWLHVEHIRUHEHLQJDEOHWRUHWXUQWKHVWDWLRQWR
VHUYLFH
+LVWRULFDOO\PRQWDJHJHQHUDWLRQZDVDSURFHVVXQGHUWDNHQE\LQVSHFWLRQHQJLQHHUVZKHUHIUDPHVRI
RQO\WKHUHJLRQRILQWHUHVWDUHVHOHFWHGDQGSLHFHGWRJHWKHUE\KDQG7KHSURFHVVKRZHYHUWDNHVWLPHDQG
WKHUHDFWRUFDQQQRWEHUHWXUQHGWRSRZHUXQWLOWKHPRQWDJHVSURYLGHGDUHTXDQWLILHG5HFHQWO\UHVHDUFKE\
0XUUD\HWDO>@KDVDOORZHGIRUDXWRQRPRXVJHQHUDWLRQRI ?'SDQRUDPLFLPDJHVRIDQ$*5IXHO
FKDQQHO LQWHULRUZKLFKDFFHOHUDWHG WKLVSURFHVVGUDPDWLFDOO\ZKLOVWJLYLQJD IXOO SDQRUDPLFYLHZRI WKH
IXHOFKDQQHOV,Q>@WKHQH[WORJLFDOVWHSRIYLVXDOL]DWLRQRIWKHIXHOFKDQQHOVZDVREVHUYHGE\LQIHUULQJ
GHSWKLQIRUPDWLRQWKURXJKWKHXVHRIDSLYRWYLGHRWRLOOXVWUDWHWKHXVHIXOQHVVRI'YLVXDOL]DWLRQZLWKLQ
WKH FKDQQHO 7KH ZRUN RI >@ SURYLGHG HQJLQHHUV WKH DELOLW\ WR H[DPLQH VWUXFWXUDO GHIHFWV DQG
HIIHFWLYHO\SLYRWDURXQGIHDWXUHVRILQWHUHVWZLWKLQWKHFKDQQHO7KLVKLJKOLJKWHGWKHSRVVLELOLW\RIEHLQJ
DEOHWRGHSOR\WHFKQLTXHVZKLFKDLPWRIDFLOLWDWHWKHH[WUDFWLRQRIGHSWKLQIRUPDWLRQGLUHFWO\IURPWKH59,
IRRWDJHXVLQJDWHFKQLTXHVXFKDV6WUXFWXUHIURP0RWLRQ6I0>@7KLVSURFHVVKRZHYHULVFKDOOHQJLQJ
GXHWRWKHFRQVWUDLQHGDQGIHDWXUHSRRUHQYLURQPHQWREVHUYHGZLWKLQWKH$*5IXHOFKDQQHOV
7KLVSDSHUSUHVHQWVWKHSUHOLPLQDU\UHVXOWVRIWKHQRYHODSSOLFDWLRQRIVWDWHRIWKHDUW6I0WHFKQLTXHV
WR$*5LQVSHFWLRQIRRWDJH WKDWDLPV WRH[WUDFWDFFXUDWH'GHSWK LQIRUPDWLRQIURPFDSWXUHG'59,
IRRWDJH7KHSDSHUKLJKOLJKWV WKHGLIILFXOWLHVWKDWPXVWEHRYHUFRPHWRIDFLOLWDWHWKHH[WUDFWLRQRIGHSWK
IURP KLVWRULFDO 59, IRRWDJH LQ 6HFWLRQ  ZLWK HPSKDVLV RQ WKH FKDOOHQJHV DVVRFLDWHG ZLWK IHDWXUH
FRUUHVSRQGHQFH VHDUFKLQJ 7KH XQGHUO\LQJ DPELWLRQ RI WKLV ZRUN LV WR FUHDWH D JHQHUDOL]HG '
UHFRQVWUXFWLRQIUDPHZRUNWKDWFDQEHH[WHQGHGDFURVVDOOGRPDLQVRIYLVXDOLQVSHFWLRQDQGVXEVHTXHQWO\
LPSURYHYLVXDOL]DWLRQWHFKQLTXHVZKLFKLQWXUQLPSURYHKXPDQGHFLVLRQPDNLQJ

$QH[DPSOHRIWKHSLYRWYLGHRFDQEHYLHZHGDWKWWSSHUVRQDOVWUDWKDFXNJUDHPHZHVW3%,DYL
D E F
)LJXUH,PDJHVWLOOVRI59,IRRWDJHD9LHZREWDLQHGIURPWKHIRUZDUGIDFLQJFDPHUDORRNLQJGRZQWKH
IXHOFKDQQHOE%ULFNLQWHUIDFHEHWZHHQWZRYHUWLFDOO\VWDFNHGJUDSKLWHEULFNVDIWHUYLHZSRLQWLVFKDQJHG
E\PLUURUF%RG\RIDJUDSKLWHEULFNEHWZHHQEULFNOD\HUVZKLFKFRQWDLQVDVWUXFWXUDOGHIHFW1RWHWKH
LPEDODQFHRIOLJKWLQJFRQGLWLRQVLQEDQGFLQDGGLWLRQWRWKHUHSHWLWLYHWH[WXUHRIWKHJUDSKLWHEULFN
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6I0LVDZHOOHVWDEOLVKHGLPDJHSURFHVVLQJWHFKQLTXHZKLFKDVFHUWDLQVWKH'JHRPHWU\RIDVFHQH
RUREMHFWIURPD'LPDJHVHTXHQFH,WRSHUDWHVE\LGHQWLI\LQJYLVXDOFRUUHVSRQGHQFHVEHWZHHQPXOWLSOH
RYHUODSSLQJ YLHZSRLQWV RI WKH VDPH REMHFWVFHQH WKHQ HVWLPDWHV WKH ' SRLQW ORFDWLRQV XVLQJ UREXVW
YLVXDO FRUUHVSRQGHQFHV 7KURXJK WULDQJXODWLRQ RI WKH ORFDWLRQ RI PXOWLSOH SRLQWV LQ ' D VSDUVH
UHSUHVHQWDWLRQRIWKHVFHQHDNDD'SRLQWFORXGLVIRUPHGDQGWKHLQWULQVLFH[WULQVLFSDUDPHWHUVRI
WKHFDPHUDIURPHYHU\YLHZSRLQWLVFDOFXODWHG7KLVWHFKQLTXHKDVEHHQDSSOLHGLQDYDULHW\RIILHOGVVXFK
DVURERWLFVDXJPHQWHGUHDOLW\DUFKLWHFWXUHDUFKDHRORJ\DQGYLVXDOLQVSHFWLRQ>@6I0LVSHUIRUPHGLQD
PXOWLWXGHRIVWHSVLQDTXDVLSDUDOOHOIDVKLRQZKLFKFRPHWRJHWKHUWRIRUPZKDWLVLGHQWLILHGDVDJHQHULF
UHFRQVWUXFWLRQ SLSHOLQH *HQHUDOO\ 6I0 DSSURDFKHV DUH FRPSRVHG RI WZR NH\ VWDJHV FRUUHVSRQGHQFH
VHDUFKLQJDQGUHFRQVWUXFWLRQ7KHVHDUHNH\VWHSVLQDOO6I0IUDPHZRUNVUHJDUGOHVVRIWKHUHFRQVWUXFWLRQ
DSSURDFKWDNHQ$QH[DPSOHRIDW\SLFDO6I0UHFRQVWUXFWLRQIUDPHZRUNLVVKRZQEHORZLQ)LJ
 &RUUHVSRQGHQFH6HDUFKLQJ
&RUUHVSRQGHQFHVHDUFKLQJGHWHUPLQHVRYHUODSSLQJYLHZSRLQWVIURPWKHVRXUFHLQSXWRILPDJHVRIWKH
VDPH REMHFW RU VFHQH IURP GLIIHUHQW YDQWDJH SRLQWV 'LUHFW DSSURDFKHV ZKLFK RSHUDWH RQ HYHU\ SL[HO
ZLWKLQDOOLPDJHVDUHFRPSXWDWLRQDOO\FRPSOH[WKHUHIRUHIHDWXUHH[WUDFWLRQLVGHSOR\HGXVLQJWHFKQLTXHV
VXFK DV WKH 6FDOH ,QYDULDQW )HDWXUH7UDQVIRUP 6,)7 >@ WR SURGXFH DQ DEVWUDFW VHW RI GLVFULPLQDWLYH
SRLQWV LQ WKH IRUP RI D IHDWXUH GHVFULSWRU (DFK GHVFULSWRU FRQWDLQV FKDUDFWHULVWLFV SHUWDLQLQJ WR WKH
QHLJKERULQJSL[HOVDURXQGHDFKSRLQWLQWKHH[WUDFWHGVHWZKLFKDUHLQYDULDQWWRUDGLRPHWULFRUJHRPHWULF
FKDQJHV 7KH GHVFULSWRUV IURP HDFK LPDJH DUH WKHQ PDWFKHG XVLQJ D PHWULF WR GHWHUPLQH YLVXDO
FRUUHVSRQGHQFHDQGWKHUHVXOWLQJJHRPHWULFWUDQVIRUPDWLRQEHWZHHQERWKYLHZSRLQWV
 5HFRQVWUXFWLRQ
7KHUHFRQVWUXFWLRQVWDJHRIWKH6I0IUDPHZRUNXVHVWKHPDWFKHVGHWHUPLQHGE\WKHFRUUHVSRQGHQFH
VHDUFKLQJ SURFHVV DV DQ LQSXW 7KHUH DUH WKUHH GLIIHUHQW DSSURDFKHV WR UHFRQVWUXFWLRQ  ,QFUHPHQWDO
ZKLFKVWDUWVIURPDYLHZSDLUZKLFKKDYHDVWURQJFRUUHVSRQGHQFH WKHQLWHUDWLYHO\EXLOGV WKHPRGHO
*OREDO ZKLFK FRQVLGHUV DOO FRUUHVSRQGHQFHV GXULQJ UHFRQVWUXFWLRQ  +LHUDUFKLFDO ZKLFK EUHDNV WKH
UHFRQVWUXFWLRQ SUREOHP LQWR VXEVHWV ZKLFK DUH WKHQ LQWHJUDWHG LQWR D VLQJXODU JOREDO PRGHO $OO
WHFKQLTXHVVLPXOWDQHRXVO\VROYHIRUDVSDUVH'UHSUHVHQWDWLRQRIWKHREVHUYHGREMHFWRUVFHQHDVDVHWRI
)LJXUH)ORZFKDUW VKRZLQJDJHQHULF6I0SLSHOLQH IRU'UHFRQVWUXFWLRQDQGKLJKOLJKWLQJ WKHNH\
VWDJHVRIHDFKSDUWRIWKHSLSHOLQH7KHLQSXWLPDJHVFRUUHVSRQGHQFHVHDUFKLQJUHFRQVWUXFWLRQDQGWKH
SRLQWFORXGRXWSXW>@
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'SRLQWVDQGWKHFDPHUDSRVHHVWLPDWHV$IWHUZDUGVDUHILQHPHQWSURFHVVNQRZQDV%XQGOH$GMXVWPHQW
%$LVDSSOLHGWRPLQLPL]HWKHLPDJHGLVWDQFHEHWZHHQWKHSURMHFWHG'SRLQWDQGWKHWUXHSURMHFWLRQLQ
FRPELQDWLRQZLWKDORVVIXQFWLRQWRUHPRYHHUURQHRXVRXWOLHUVIRUDOOSHUWLQHQWLPDJHV>@7KHVHUHILQHG
VSDUVH UHFRQVWUXFWLRQV FDQ WKHQ EH WKHEDVLV RI GHQVH UHFRQVWUXFWLRQV XVLQJ 0XOWL9LHZ 6WHUHR 096
PHVK UHFRQVWUXFWLRQ DQG WH[WXULQJ WR JHQHUDWH SKRWRUHDOLVWLF UHFRQVWUXFWLRQV >@ )RU WKLV SDSHU
LQFUHPHQWDOUHFRQVWUXFWLRQZLOOEHXVHGDVWKHEDVLVRIH[SHULPHQWDWLRQGXHWRLWVSURPLQHQFHZLWKLQ6I0
OLWHUDWXUHDQGWKHDYDLODELOLW\RIRSHQDQGFORVHGVRXUFHVROXWLRQVIRUWHVWLQJ
 $SSOLFDWLRQVSHFLILFGLIILFXOWLHVZLWKLQWKH$*5
6I0KDVVHYHUDOWKHRUHWLFDOSUHUHTXLVLWHVWREHDEOHWRRSHUDWHDQGUHFRQVWUXFWZLWKSUHFLVLRQ7KH
LPDJH FDSWXUH SURFHVV UHTXLUHV FRQVLVWHQF\ LQ LOOXPLQDWLRQ VXEVWDQWLDO DUHDV RI XQLTXH GLVFULPLQDWLYH
WH[WXUHLQDGGLWLRQWRDKLJKGHJUHHRIRYHUODSIURPGLIIHULQJYLHZSRLQWV7KHLQVSHFWLRQIRRWDJHREWDLQHG
ZLWKLQWKH$*5IXHOFKDQQHOVKRZHYHUSUHVHQWVDQXPEHURIFKDOOHQJHV
x &DPHUD FDOLEUDWLRQ SDUDPHWHUV DUH QRW DEOH WR EH FDSWXUHG ZKLFK FRPSOLFDWHV WKH UHFRQVWUXFWLRQ
SURFHVVDVFDOLEUDWLRQGHVFULEHVWKHPDSSLQJEHWZHHQZRUOGFDPHUDDQGLPDJHFRRUGLQDWHV\VWHPV
x 1RQXQLIRUP LOOXPLQDWLRQ ZLWKLQ PRVW UHFRUGLQJV GXH WR LQVSHFWLRQ HQJLQHHUV HQJDJLQJ ZLWK WKH
LQVSHFWLRQ WRRO 7KLV FKDQJHV WKH XQGHUO\LQJ SK\VLFDO SURSHUWLHV RI WKH IHDWXUHV DQG PDNHV WKHP
UDGLRPHWULFDOO\GLVVLPLODUDQGWKHUHIRUHH[WUHPHO\GLIILFXOWWRFRQVLVWHQWO\PDWFK
x 7KH WH[WXUH RI WKH$*5 IXHO FKDQQHO LQWHULRU LV UHSHWLWLYH DV WKH VDPH JUDSKLWH EULFN GHVLJQ LV
YHUWLFDOO\ VWDFNHG WR IRUP WKH IXHO FKDQQHO ZKLFK SURGXFHV HUURQHRXV PDWFKHV DQG FRQIXVHV WKH
WULDQJXODWLRQVWDJHRIWKHUHFRQVWUXFWLRQ
x /RZXVDEOHYLGHRUHVROXWLRQGXHWRYLGHRRYHUOD\ ?ൈ
7KHFXUUHQW59,LPDJHFDSWXUHSURFHVVLVDSSURSULDWHIRUYLVXDOLQVSHFWLRQEXW LWZDVQRWGHVLJQHG
ZLWKXWLOL]LQJ'YLVXDOL]DWLRQWHFKQLTXHVVXFKDV6I0LQPLQG)XUWKHUPRUHGHYHORSLQJDQGGHSOR\LQJ
QHZYLVXDOL]DWLRQKDUGZDUHLVH[SHQVLYHGXHWRWKHKD]DUGRXVQDWXUHRIWKHHQYLURQPHQWLQDGGLWLRQWRWKH
DGGHG FRVW RI FHUWLILFDWLRQ IRU XVH LQ D QXFOHDU DSSOLFDWLRQ 7KLV KLJKOLJKWV WKH QHHG IRU D EHVSRNH
IUDPHZRUN WR FLUFXPYHQW LVVXHV LQWURGXFHG E\ WKH FDSWXUH SURFHVV ZKLFK PDNHV LW XQVXLWDEOH IRU '
UHFRQVWUXFWLRQ7RKLJKOLJKWWKHDSSOLFDWLRQVSHFLILFFKDOOHQJHVZKLFKDUHLQWURGXFHGZKHQDSSO\LQJ6I0
WRLQVSHFWLRQIRRWDJHH[SHULPHQWDWLRQZDVSHUIRUPHGXVLQJDQXPEHURIVWDWHRIWKHDUW6I0IUDPHZRUNV
VXFKDV&2/0$3%XQGOHUDQG9LVXDO6)0 >@WKDWSURYLGH WKHHQWLUH UHFRQVWUXFWLRQIXQFWLRQDOLW\
YLVXDOL]HGLQ)LJDVDPLQLPXPUHTXLUHPHQW
7KH H[SHULPHQWDWLRQ SURFHVV FRQVLVWHG RI PDQXDOO\ VSOLWWLQJ WKH LQVSHFWLRQ YLGHR LQWR VXEVHWV RI
LPDJHV ZKLFK FRUUHVSRQG WR HDFK LQVSHFWHG RULHQWDWLRQ ZKLOVW GLVUHJDUGLQJ IRUZDUG IDFLQJ FDPHUD DQG
FUDFN IROORZLQJ IRRWDJH $ W\SLFDO IXOO FKDQQHO VFDQ DW HDFK VHW RULHQWDWLRQ
 ? ?ǡ  ? ? ?ǡ  ? ? ? ?ǡ   ? ? ?ǡ  ? ? ?ǡ   ? ? ? FRQVLVWV RI DSSUR[LPDWHO\  LPDJHV ZKLFK ZDV WKHQ IHG LQWR WKH
WHVWHG UHFRQVWUXFWLRQ IUDPHZRUNV +RZHYHU DOO UHFRQVWUXFWLRQ IUDPHZRUNV IDLOHG WR SURGXFH DQ\
PHDQLQJIXO UHFRQVWUXFWLRQV ZKHQ XVLQJ LPDJHV FRQVLVWLQJ RI DQ HQWLUH VFDQ DW D VHW RULHQWDWLRQ 7R
LQYHVWLJDWHIXUWKHUWKHFKDQQHOIRRWDJHZDVSDUWLWLRQHGFRUUHVSRQGLQJO\WRHDFK$*5IXHOFKDQQHOEULFN
OD\HUFRPSULVLQJRIDSSUR[LPDWHO\LPDJHVSHUOD\HUDQHYDOXDWHGUHJLRQRIWKHIXHOFKDQQHOZKLFK
KDVEHHQVWLWFKHGWRJHWKHUXVLQJ$6,67$XWRPDWHG6RIWZDUH,PDJH6WLWFKLQJ7RROVRIWZDUH>@FDQ
EHVHHQLQ)LJD:LWKWKLVDSSURDFKWKHRQO\UHFRQVWUXFWLRQWHFKQLTXHZKLFKSURGXFHGDWDQJLEOHUHVXOW
XVLQJ59,IRRWDJHZDV9LVXDO6)07RREWDLQWKLVUHVXOWDGHQVHYDULDWLRQRIWKH6,)7IHDWXUHGHVFULSWRU
ZDV XVHG >@ IRU IHDWXUH H[WUDFWLRQ 7KH IHDWXUH PDWFKLQJ SURFHVV ZDV SHUIRUPHG LQ D FRQVWUDLQHG
VHTXHQWLDO PDQQHU ZKHUH DQ LPDJH FRXOG RQO\ EH PDWFKHG WR  VXEVHTXHQW IUDPHV WR VXSSUHVV WKH
LOOXPLQDWLRQ GLIIHUHQFH LQ IHDWXUHV EHWZHHQ WKH WRS DQG ERWWRP RI WKH LPDJHV DV VHHQ LQ )LJE DQG
)LJF7KH UHVXOWLQJ VSDUVH DQGGHQVH UHFRQVWUXFWLRQVSURGXFHGE\9LVXDO6)0 FDQEH VHHQ LQ )LJE
DQG)LJFUHVSHFWLYHO\
13,&	+0,76DQ)UDQFLVFR&$-XQH 
:LWKLQWKHVSDUVHUHFRQVWUXFWLRQSLFWXUHGLQ)LJEWKHSRLQWFORXGLVGHQVHO\SRSXODWHGZLWKPDQ\
RIWKHFKDQQHOIHDWXUHVEHLQJYLVLEOHVXFKDVWKHPHWKDQHKROHVDW WKHERWWRPRIWKHOD\HUDQGWKHEULFN
LQWHUIDFHEHWZHHQ/D\HUDQGDWWKHWRS,WLVFOHDUWKDWWKHIHDWXUHFRUUHVSRQGHQFHVHDUFKLQJRSHUDWHV
ZHOORQO\ZLWKLQDUHJLRQZKLFKUHSUHVHQWVDSSUR[LPDWHO\RIWKHHQWLUHLQVSHFWLRQYLGHREHFDXVHRIWKH
DEXQGDQFHRIGLVFULPLQDWLYH IHDWXUHV+RZHYHU WKLV GRHVQRW WUDQVODWH WRRWKHUEULFN OD\HUVZKHUH LW LV
UHSHWLWLYHDQGIHDWXUHSRRUDQGDVDUHVXOWFDXVHVQRWRQO\9LVXDO6)0EXWDOORWKHUWHVWHGIUDPHZRUNVDW
WKHIHDWXUHPDWFKLQJWRIDLOGXHWRWKHODFNRIUREXVWIHDWXUHPDWFKHV$WWKHUHFRQVWUXFWLRQVWDJHZLWKLQ
WKH UHJLRQ VKRZQ E\ )LJD WKH UHVXOWLQJ UHFRQVWUXFWLRQ LV HUURQHRXVO\ EHQGLQJ EDFNZDUGV DQG WKH
UHDVRQIRUWKLVLVGXHWRWKHFKDQJHLQLOOXPLQDWLRQDVWKHFDPHUDHQWHUVWKHILUVWEULFNOD\HURIWKHFKDQQHO
WKH EULJKW KRUL]RQWDO OLQH ZKLFK FDQ EH VHHQ LQ )LJD ,Q WXUQ WKLV LQWURGXFHV DQ HUURU LQ WKH
WULDQJXODWLRQVWDJH'XHWRWKHLQFUHPHQWDOQDWXUHRIWKHUHFRQVWUXFWLRQWKHHUURUWKHQFXPXODWLYHO\EXLOGV
DQGUHVXOWVLQWKHWULDQJXODWHGSRLQWVWRFRQWLQXHEHQGLQJXQWLOWKHHQWLUHDVVHVVHGUHJLRQLVSURFHVVHG$
VLPLODUREVHUYDWLRQE\(O.DKLHWDO>@EULQJVPRUHDWWHQWLRQWRWKLVLVVXHDQGKLJKOLJKWVWKHLPSRUWDQFH
RI XQLIRUP LOOXPLQDWLRQ GXULQJ WKH LPDJH FDSWXUH SURFHVV $QRWKHU LVVXH WKURXJK WKH GHSOR\PHQW RI
LQFUHPHQWDO UHFRQVWUXFWLRQ LV ZKHQ WKH IRRWDJH IURP PXOWLSOH EULFNV DUH LQFOXGHG WKH UHFRQVWUXFWLRQ
SURFHVV ZLOO LGHQWLI\ WKHP DV WKH VDPH UHFXUULQJ EULFN LQVWHDG RI XQLTXH LQGLYLGXDO OD\HUV ZKLFK DUH
VWDFNHG RQ WRS RI HDFK RWKHU DQG WKLVKLJKOLJKWV WKH LQFRPSDWLELOLW\ RI LQFUHPHQWDO UHFRQVWUXFWLRQ7KH
SUHOLPLQDU\ UHFRQVWUXFWLRQ UHVXOWV LOOXVWUDWH WKDW 6I0 LV D SODXVLEOH PHWKRG IRU WKH$*5 IXHO FKDQQHOV
KRZHYHUWRXWLOL]H6I0HIIHFWLYHO\WKH6I0IUDPHZRUNDUFKHW\SHLOOXVWUDWHGLQ)LJPXVWEHPRGLILHGWR
LPSURYHFRUUHVSRQGHQFHVHDUFKLQJDQGUHFRQVWUXFWLRQZLWKLQIHDWXUHSRRUDQGQRQXQLIRUPHQYLURQPHQWV
D E F
)LJXUHD,PDJHRIWKHHYDOXDWHGUHJLRQRI$*5IXHOFKDQQHOE6SDUVH'SRLQWFORXGDQGWKHFDPHUD
SRVHHVWLPDWHVࡼF'HQVH'UHFRQVWUXFWLRQ1RWHWKHEHQGLQJRIWKHVSDUVHDQGGHQVHUHFRQVWUXFWLRQV
FDXVHGE\WKHGLIIHUHQFHVLQLOOXPLQDWLRQ
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 &255(6321'(1&(6($5&+,1*
$VKLJKOLJKWHGZLWKWKHH[SHULPHQWDWLRQXVLQJWHVWHGIUDPHZRUNVRQHRIWKHNH\LVVXHVRIDSSO\LQJ
6I0WRWKH59,IRRWDJHLVWKHIHDWXUHPDWFKLQJVWHSZLWKLQWKHFRUUHVSRQGHQFHVHDUFKLQJVWDJH'XHWRWKH
SUHGHILQHGFKDOOHQJHV VXFK DV WKH LQKHUHQWO\ UHSHWLWLYH QDWXUH RI WKH FKDQQHO LQWHULRU FRXSOHG ZLWK ORZ
UHVROXWLRQIRRWDJHPDQ\IHDWXUHGHVFULSWRUVDUHHUURQHRXVO\PDWFKHGWRJHWKHUGXHWRWKHXQLIRUPLW\RIWKH
GHWHFWHG IHDWXUHV 7KHUHIRUH WKUHH GLIIHUHQW DSSURDFKHV ZKLFK FRXOG EH XVHG WR LPSURYH RU DVVLVW WKH
FRUUHVSRQGHQFH VHDUFK XVLQJ SULRU NQRZOHGJH RU WKURXJK WKH FRPELQDWLRQ RI IHDWXUH DQG GLUHFWEDVHG
DSSURDFKHVDUHGLVFXVVHGZLWKLQWKLVVHFWLRQ
 .QRZOHGJHEDVHGDSSURDFK
$NQRZOHGJHEDVHGDSSURDFKLVLQKHUHQWO\WKHVLPSOHVWDSSURDFKRXWRIWKHWKUHHZKLFKLQFRUSRUDWHV
H[SHUWNQRZOHGJHDERXWKRZWKHFDPHUDPRYHVIURPIUDPHWRIUDPHDQGIRUFHVWKHPDWFKLQJSURFHVVWR
VHDUFKZLWKLQDGHILQHGUHJLRQ:LWKWKLVDSSURDFKLWZRXOGSURYLGHDVLPSOHVROXWLRQZKLOVWPLQLPL]LQJ
WKHFRPSXWDWLRQDOFRPSOH[LW\'XULQJLQVSHFWLRQWKHFDPHUDXQGHUJRHVYHUWLFDOWUDQVODWLRQZKLFKHTXDWHV
WRDFKDQJHRIDSSUR[LPDWHO\SL[HOVSHUIUDPHRIYHUWLFDOGLVSODFHPHQW,GHDOO\LIWKHFDPHUDPRYHGLQ
DSUHFLVHH[DFWPRWLRQEHWZHHQIUDPHVRULIWKHWUDMHFWRU\RIWKHFDPHUDZDVNQRZQWKURXJKWKHXVHRIDQ
,QHUWLDO 0HDVXUHPHQW 8QLW ,08 WKHQ WKH PDWFKLQJ SURFHVV ZRXOG EH VLPSOLILHG +RZHYHU GXULQJ
LQVSHFWLRQ WKH FDPHUD GRHV QRW PRYH LQ D FOHDQ YHUWLFDO PRWLRQ DQG RIWHQ VXIIHUV IURP XQGHVLUDEOH
URWDWLRQWZLVWLQJ DV LW LV UDLVHG DQG ORZHUHG ZLWKLQ WKH FKDQQHO LQ DGGLWLRQ WR DEUXSW WUDQVLHQW PRWLRQ
FDXVHGE\ WKHZKHHOVRI WKH LQVSHFWLRQ WRROHQWHULQJEULFN LQWHUIDFHVRU VWUXFWXUDOGHIHFWV$GGLWLRQDOO\
WKHFDPHUDPD\EHVWRSSHGIRUIXUWKHULQVSHFWLRQRIDGHIHFWZKLFKIXUWKHUGLVUXSWVWKHNQRZOHGJHEDVHG
DSSURDFK %\ GHSOR\LQJ D FRQVWUDLQHG PDWFKLQJ SURFHVV ZKLFK RQO\ VHDUFKHV ZLWKLQ D SUHGHILQHG
ZLQGRZ WKH IHDWXUH PDWFKLQJ SURFHVV ZLOO VXIIHU IURP DQ DFFXPXODWLYH GULIW RYHU WLPH DQG UHVXOW LQ
PLVPDWFKLQJEHWZHHQXQLIRUPIHDWXUHGHVFULSWRUVGXHWRWKHLQFRQVLVWHQF\RIULJLGERG\PRWLRQ
 2SWLFDO)ORZ
'XH WR WKH XQLIRUPLW\ RI WKH PDMRULW\ RI WKH FKDQQHO LQWHULRU DQG WKH LUUHJXODU PRYHPHQW RI WKH
FDPHUDIHDWXUHEDVHGDSSURDFKHVDORQHDUHXQVXLWDEOH7R WU\DQGLPSURYHIHDWXUHPDWFKLQJWKHXVHRI
WKH6,)7 IHDWXUH GHVFULSWRU >@ LV K\EULGL]HGZLWK DPRWLRQHVWLPDWLRQ WHFKQLTXH FDOOHG RSWLFDO IORZ WR
DVVLVW WKH IHDWXUHH[WUDFWLRQSURFHVV >@2SWLFDO IORZ LVDQ LPDJHSURFHVVLQJ WHFKQLTXHZKLFKDLPV WR
FKDUDFWHULVHWKHG\QDPLFVRIWKHSHUFHLYHGVFHQHEHWZHHQFRQWLJXRXVO\FDSWXUHGLPDJHIUDPHVDQGJLYHV
DQHVWLPDWLRQRI WKHPRWLRQRIHYHU\SL[HO LQDGLUHFW IDVKLRQEHWZHHQVXEVHTXHQW LPDJH IUDPHV LQ WKH
IRUP RI D GLVSODFHPHQW ILHOG 6LQFH WKH PRWLRQ RI WKH LQVSHFWLRQ WRRO LV UHODWLYHO\ LQFRQVLVWHQW DQG
WKHUHIRUHXQNQRZQ EHWZHHQ HDFK IUDPH RSWLFDO IORZ SURYHV DGYDQWDJHRXV VLQFH LW SURGXFHV D YHORFLW\
YDOXH IRU HDFK SL[HO ZKLFK DOORZV LW WR FDSWXUH QRW RQO\ EDVLF ULJLG WUDQVODWLRQ EXW DOVR DIILQH PRWLRQ
FDXVHG E\ WKH FDPHUD WZLVWLQJ 7R SHUIRUP RSWLFDO IORZ WKH :HGHO HW DO LPSOHPHQWDWLRQ RI WKH 'XDO
7RWDO9DULDWLRQܮ ? QRUP 'XDO79ܮଵ DOJRULWKP >@ZDV VHOHFWHGSDUWLFXODUO\ IRU LWV DELOLW\ WRKDQGOH
FKDQJHV LQ LOOXPLQDWLRQEHWZHHQ IUDPHV LQ DGGLWLRQ WR WKHXVHRI DGGLWLRQDO ILOWHULQJ WR VXSSUHVV QRLVH
7KLVFRPHVDWWKHH[SHQVHRIFRPSXWDWLRQZLWKLWWDNLQJDSSUR[LPDWHO\VHFRQGVIRUHYHU\IUDPHXVLQJ
DQ ,QWHO L SURFHVVRU DQG*% RI 5$0 EXW ZLWK DQ *38 LPSOHPHQWDWLRQ WKLV SURFHVV LV DFFHOHUDWHG
GUDPDWLFDOO\WRQHDUUHDOWLPHSHUIRUPDQFH
$IWHUWKH'XDO79ܮଵRSWLFDOIORZDOJRULWKPLVDSSOLHGWKHVWDWLVWLFDOPRGHPHDQDQGPHGLDQRIWKH
HVWLPDWHG GLVSODFHPHQW ZLWKLQ HDFK LPDJH LV DFTXLUHG WKHQ DFFXPXODWHG WR GHPRQVWUDWH WKH FDPHUD
PRWLRQZLWKLQD'VSDFHDWHDFKIUDPHDVVKRZQLQ)LJ$VH[SHFWHGHVWLPDWHGPRWLRQRIWKHFDPHUD
LQHDFKIUDPHGRHVQRWIROORZDVPRRWKYHUWLFDOWUDQVODWLRQEXWGHPRQVWUDWHVFOHDULQWHUVSHUVHGTXLYHULQJ
GXULQJWKHLQVSHFWLRQZKLFKLQWXUQLQYDOLGDWHVWKHXVDJHRIWKHSUHGHILQHGVHDUFKZLQGRZXWLOL]HGZLWKLQ
WKHNQRZOHGJHEDVHGDSSURDFK8VLQJ'SDQRUDPLFLPDJHVSURGXFHGXVLQJ$6,67VRIWZDUH>@LQ
WKHHYDOXDWHGDUHDZKHUHPRWLRQHVWLPDWLRQZDVDSSOLHGWKHUHLVDYHUWLFDOVKLIWRIURXJKO\SL[HOV
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DQG D KRUL]RQWDO VKLIW RI DSSUR[LPDWHO\  SL[HOV UHODWLYH WR WKH VWDUWLQJ IUDPH &RQVLGHULQJ YHUWLFDO
GLVSODFHPHQWWKHPRGHLVYHU\DFFXUDWHZLWKWKHFXPXODWLYHYHUWLFDOGLVSODFHPHQWRISL[HOVH[DFWO\
&RQYHUVHO\WKHPHGLDQRIWKHHVWLPDWHGFXPXODWLYHKRUL]RQWDOGLVSODFHPHQWSURGXFHVWKHPRVWDFFXUDWH
UHVXOW ZLWK D KRUL]RQWDO VKLIW RI  SL[HOV ZLWK WKH PRGDO KRUL]RQWDO GLVSODFHPHQW UHVXOW EHLQJ YHU\
LQDFFXUDWH:LWKDQDSSUR[LPDWHPRWLRQEHWZHHQIUDPHVNQRZQWKHIHDWXUHPDWFKLQJSURFHVVFRXOGWKHQ
EHFRQVWUDLQHGXVLQJWKHYHUWLFDOGLVSODFHPHQWYDOXHIURPWKHPRGHDQGWKHKRUL]RQWDOGLVSODFHPHQWXVLQJ
WKHPHGLDQYDOXH

 6LPLODULW\
7KHXVHRIVLPLODULW\PHWKRGVLVDQRWKHUDSSURDFKRIDLGLQJWKHIHDWXUHPDWFKLQJSURFHVVDVLWFDQEH
XVHGWRGHWHUPLQHWKHVLPLODULW\EHWZHHQWZRLPDJHUHJLRQV7KHUHDUHPDQ\IRUPVRIVLPLODULW\PHWKRGV
VXFKDV6XPRI6TXDUHG'LIIHUHQFHV66'6XPRI$EVROXWH'LIIHUHQFHV6$'&HQVXVDQG=HURPHDQ
1RUPDOL]HG&URVV&RUUHODWLRQ=1&&6$'DQG=1&&DUHUHJDUGHGDVWKHEHVWPHWKRGVZKHQGHDOLQJ
ZLWKIHDWXUHSRRUDQGIHDWXUHULFKHQYLURQPHQWVUHVSHFWLYHO\>@&RQYHUVHO\WKHIXQGDPHQWDOLVVXHZLWK
6$'LVWKHLQDELOLW\WRFRSHZLWKFKDQJHVLQLOOXPLQDWLRQZKLFKPDNHLWLQDSSOLFDEOHIRUIHDWXUHPDWFKLQJ
XVLQJ$*5LQVSHFWLRQIRRWDJH7KHUHIRUH=1&&LVJRLQJWREHIRFXVRIH[SHULPHQWDWLRQ7KHILUVWVWDJH
RILPSOHPHQWDWLRQLVWRDSSO\WKH6,)7IHDWXUHGHVFULSWRUWRWKHLPDJHWRJHWDVHWRIVDOLHQWIHDWXUHSRLQWV
7KH VHFRQG VWDJH LV XVHG WR DSSO\ ILOWHULQJ WR WKH LPDJH DQG WKLV LV GULYHQ E\ WKH IDFW WKDW WKH XVH RI
VLPLODULW\ PHDVXUHV LV RIWHQ KDPSHUHG E\ QRLVH 7R ILOWHU RXW QRLVH DQG VXSSUHVV WKH FKDQJHV LQ
LOOXPLQDWLRQDQൈDYHUDJLQJ ILOWHU LV ILUVW DSSOLHG WRERWKFRPSDUHG LPDJHV$IWHUZDUGV=1&& LV
DSSOLHGXVLQJWKHIROORZLQJHTXDWLRQ

)LJXUH   (VWLPDWHGFXPXODWLYH PRGDO PHDQDQG PHGLDQGLVSODFHPHQW XVLQJ WKH 'XDO79ࡸ૚ RSWLFDO
IORZDOJRULWKPLQHDFKDVVHVVHGIUDPH
13,&	+0,76DQ)UDQFLVFR&$-XQH 
 ܼܰܥܥሺݑǡ ݒሻ ൌ  ෌ ൣ୍ሺ௫ǡ௬ሻିூҧೠǡೡ൧ሾ௧ሺ௫ି௨ǡ௬ି௩ሻି௧ҧሿೣǡ೤ቄ ? ൣூሺ௫ǡ௬ሻି ҧ୍ೠǡೡ൧మ  ? ሾ௧ሺ௫ି௨ǡ௬ି௩ሻି௧ҧሿమೣǡ೤ೣǡ೤ ቅబǤఱ א ሾെ ?ǡ ?ሿ 

ZKHUHݐLVWKHWHPSODWHZKLFKZLOOEHVHDUFKHGLQWKHLPDJHܫDQGܫ௨ǡ௩തതതതLVWKHPHDQRIWKHUHJLRQDVVHVVHGE\ WKH WHPSODWH 7KH WHPSODWH LV IRUPHG E\ WUXQFDWLQJ D UHJLRQ DURXQG HDFK GHWHFWHG 6,)7 IHDWXUH
ORFDWLRQ  7ZR GLIIHUHQW IRUPV RI H[SHULPHQWDWLRQ ZHUH FDUULHG RXW XVLQJ =1&& WR GHWHUPLQH WKH
VLPLODULW\3ULPDULO\WKHPRVWFRPPRQIRUPRI=1&&ZKLFKLVXVLQJWKHWHPSODWHݐWRVHDUFKWKHHQWLUHW\
RIܫ௜ DQGVHFRQGO\DFRQVWUDLQHGUDGLDOVHDUFKZDV LPSOHPHQWHGDURXQGWKHHVWLPDWHG IHDWXUH ORFDWLRQDFTXLUHGE\6,)7LQWKHSUHYLRXVLPDJHZLWKDSUHGHILQHGUDGLXVZLWKDVKLIWHVWLPDWHGXVLQJWKH'XDO
79ܮଵ DOJRULWKP%\GRLQJ WKLVZHHIIHFWLYHO\FRPELQH WKHXVHRIPRWLRQHVWLPDWLRQDQGVLPLODULW\ WR
IXUWKHU VWUHQJWKHQ WKH IHDWXUH PDWFKLQJ SURFHVV 7KH UHVXOWV RI WKLV FDQ EH VHHQ LQ )LJD DQG )LJE
UHVSHFWLYHO\
)URP)LJDLWLVFOHDUWKDWGXHWRWKHXQLIRUPLW\RIWKHFKDQQHOLQWHULRUWKHUHH[LVWVDODUJHDPRXQWRI
HUURQHRXV PD[LPD DV D GLUHFW UHVXOW RI WKH UHSHWLWLYHQHVV RI WH[WXUH 7KHUHIRUH WKURXJK D EUXWH IRUFH
PDWFKLQJSURFHGXUHLWFRXOGLGHQWLI\DQ\RIWKHQXPHURXVPD[LPDDVDYDOLGPDWFKZKLFKUHVXOWVLQPRUH
PDWFKHVWKDWDUHHVVHQWLDOO\IDOVHSRVLWLYHV%\DSSO\LQJDJOREDOVHDUFKDFURVVDQHQWLUHLPDJHXVLQJWKH
VLPLODULW\DSSURDFKLWKLJKOLJKWVWKHIXQGDPHQWDOLVVXHRIJHQHULFIHDWXUHPDWFKLQJLQDUHDVRIUHSHWLWLYH
WH[WXUH UHJDUGOHVV RI WKH WHFKQLTXH XVHG7KHUHIRUH E\ FRQVWUDLQLQJ WKH VHDUFKZLWKLQ D UDGLXV GHILQHG
XVLQJ PRWLRQ HVWLPDWLRQ D PD[LPXP LV PRUH OLNHO\ WR EH REWDLQHG XVLQJ VLPLODULW\ PHWKRGV VXFK DV
=1&&DVVHHQLQ)LJEDQGSURYLGHVDPRUHDFFXUDWHPHDQVRIPDWFKLQJVLQFHWKHVHDUFKUHJLRQVDUH
ORFDOL]HG %\ GHSOR\LQJ D FRQVWUDLQHG DSSURDFK ZKLFK FRPELQHV PXOWLSOH PHWKRGV WKH QXPEHU RI
PDWFKHVDUHYDVWO\UHGXFHGDVDUHVXOWRIORFDOL]LQJWKHIHDWXUHPDWFKLQJSURFHVVKRZHYHUWKHDFFXUDF\RI
WKH PDWFKHV LV VXEVWDQWLDOO\ LQFUHDVHG PDNLQJ WKH FRUUHVSRQGHQFH VHDUFK SURFHVV VLJQLILFDQWO\ PRUH
UREXVWWKURXJKUHGXFWLRQRIIDOVHSRVLWLYHPDWFKHV
)LJXUHD=1&&SHUIRUPHGXVLQJDIXOOLPDJHVHDUFKLQUHJDUGVWRWKHWHPSODWHE&RQVWUDLQHGUDGLDO
=1&&1RWHWKHPXOWLSOHSHDNVLQDLQUHJDUGVWREZKHUHWKHUHLVDVLQJXODUPD[LPXP
13,&	+0,76DQ)UDQFLVFR&$-XQH 
 )8785(:25.
&XUUHQW RSHQ DQG FORVHG VRXUFH VROXWLRQV FDQQRW UHFRQVWUXFW IXHO FKDQQHOV XVLQJ IXOO RULHQWDWLRQ
VFDQV RI WKH IXHO FKDQQHO RU EH DEOH WR FRPELQH WKHP ZLWKRXW D SULRUL NQRZOHGJH GXH WR WKH LQKHUHQW
VLPLODULW\ EHWZHHQ EULFN OD\HUV 7KHUHIRUH ZRUN ZLOO EH LQVWLJDWHG LQWR SHUIRUPLQJ VSDUVH DQG GHQVH
UHFRQVWUXFWLRQVXVLQJDEHVSRNHDSSURDFK7KHIHDWXUHH[WUDFWLRQDQGPDWFKLQJPHFKDQLVPVH[SODLQHGLQ
WKLVSDSHUZLOOEHGHSOR\HGZLWKLQWKHUHFRQVWUXFWLRQIUDPHZRUNWRLPSURYHWKHWULDQJXODWLRQRI'SRLQW
ORFDWLRQV DFFXUDWHO\ DQG ZLWK SUHFLVLRQ IURP WKH ' FRUUHVSRQGHQFHV 2WKHU IXWXUH ZRUN ZLOO EH WKH
LQWHJUDWLRQ RI SLHFHZLVH UHFRQVWUXFWLRQ IUDPHZRUN ZKLFK ZLOO DOORZ IXVLRQ EHWZHHQ VSDUVH DQG GHQVH
UHFRQVWUXFWLRQVREWDLQHGXVLQJPXOWLSOHRULHQWDWLRQVFDQVWRIRUPD'F\OLQGULFDOPRGHORIWKH$*5IXHO
FKDQQHOVIRULPSURYHGYLVXDOL]DWLRQ
 &21&/86,216
7KLVSDSHUGHVFULEHVWKHSUHOLPLQDU\ZRUNLQGHYHORSLQJDEHVSRNH6I0SLSHOLQHWRUHFRQVWUXFW$*5
IXHOFKDQQHOVLQ'IURP59,IRRWDJHZLWKSDUWLFXODUHPSKDVLVRQLPSURYLQJWKHUREXVWQHVVRIIHDWXUH
FRUUHVSRQGHQFH PDWFKLQJ ZLWKLQ FRQVWUDLQHG QRQGHVFULSW HQYLURQPHQWV ([SHULPHQWDO ZRUN ZDV
SUHVHQWHG DQG WKH GLIIHUHQW PHWKRGV RI DVVLVWLQJ WKH IHDWXUH FRUUHVSRQGHQFH VHDUFK ZDV SURSRVHG7KH
LQLWLDO UHVXOWV DUH SURPLVLQJ DQG LPSURYH WKH UREXVWQHVV RI WKH IHDWXUH PDWFKLQJ SURFHVV XVLQJ D
FRPELQDWLRQRILQGLUHFWPHWKRGVDQGGLUHFWPHWKRGVDW WKHH[SHQVHRIPRUHFRPSXWDWLRQ ,Q WKHIXWXUH
WKH UHFRQVWUXFWLRQ VWDJH ZLOO EH EXLOW IURP WKH JURXQG XS WR DFFRXQW IRU WKH LVVXHV LQWURGXFHG E\
LQFUHPHQWDO UHFRQVWUXFWLRQ LQ D UHSHWLWLYH HQYLURQPHQW DV ZHOO DV PHWKRGV WR VXSSUHVV QRQXQLIRUP
LOOXPLQDWLRQZLWKLQWKH59,IRRWDJH
 $&.12:/('*0(176
7KLVZRUNZDVIXQGHGE\(')(QHUJ\7KHYLHZVSUHVHQWHGLQWKLVZRUNGRQRWQHFHVVDULO\UHSUHVHQW
WKHYLHZVRI(')(QHUJ\
 5()(5(1&(6
 &-:DOODFH*0:HVW*--DKQ6'-0F$UWKXU'7RZOH*%XFNOH\³&RQWURO5RG0RQLWRULQJRI
$GYDQFHG*DV&RROHG5HDFWRUV´6HYHQWK$PHULFDQ1XFOHDU6RFLHW\ ,QWHUQDWLRQDO7RSLFDO0HHWLQJ
RQ 1XFOHDU 3ODQW ,QVWUXPHQWDWLRQ &RQWURO DQG +XPDQ0DFKLQH ,QWHUIDFH 7HFKQRORJLHV
13,&	+0,7/DV9HJDV1HYDGD1RYHPEHUWK
 *0:HVW30XUUD\60DUVKDOO60F$UWKXU³,PSURYHGYLVXDOLQVSHFWLRQRIDGYDQFHGJDVFRROHG
UHDFWRUIXHOFKDQQHOV´1XFOHDU(QJLQHHULQJDQG'HVLJQ9ROXPH
 30XUUD\*0:HVW60DUVKDOO60F$UWKXU³$XWRPDWHGLQFRUHLPDJHJHQHUDWLRQIURPYLGHRWR
DLGYLVXDOLQVSHFWLRQRIQXFOHDUSRZHUSODQWFRUHV´,QWHUQDWLRQDO-RXUQDORI3URJQRVWLFVDQG+HDOWK
0DQDJHPHQW9ROXPHSS
 3 0XUUD\ *0:HVW ./DZ 6%XFNOH\0HOORU *&RFNV &/\QFK ³$XWRPDWHG YLGHR SURFHVVLQJ
DQGLPDJHDQDO\VLVVRIWZDUHWRVXSSRUWYLVXDOLQVSHFWLRQRI$*5FRUHV´WK(')(QHUJ\*HQHUDWLRQ
/WG1XFOHDU*UDSKLWH&RQIHUHQFH6RXWKDPSWRQ8.0D\WK
 3 +DQVHQ +$OLVPDLO 35DQGHU %%URZQLQJ ³9LVXDO PDSSLQJ IRU QDWXUDO JDV SLSH LQVSHFWLRQ´
,QWHUQDWLRQDO-RXUQDORI5RERWLFV5HVHDUFK9ROXPHSS
 -/ 6FK|QEHUJHU -0)UDKP ³6WUXFWXUHIURP0RWLRQ 5HYLVLWHG´  ,((( &RQIHUHQFH RQ
&RPSXWHU9LVLRQDQG3DWWHUQ5HFRJQLWLRQ &935/DV9HJDV86$-XQHWK± -XO\VWSS

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 '*/RZH ³'LVWLQFWLYH ,PDJH )HDWXUHV IURP 6FDOH,QYDULDQW .H\SRLQWV´ ,QWHUQDWLRQDO -RXUQDO RI
&RPSXWHU9LVLRQ9ROXPHSS
 <)XUXNDZD&+HUQiQGH]³0XOWL9LHZ6WHUHR$7XWRULDO´)RXQGDWLRQVDQG7UHQGVLQ&RPSXWHU
*UDSKLFVDQG9LVLRQ9ROXPHSS
 16QDYHO\ 606HLW] 56]HOLVNL ³0RGHOLQJ WKH :RUOG IURP ,QWHUQHW 3KRWR &ROOHFWLRQV´
,QWHUQDWLRQDO-RXUQDORI&RPSXWHU9LVLRQ,-&99ROXPH,VVXHSS
&:X ³7RZDUGV /LQHDU7LPH ,QFUHPHQWDO 6WUXFWXUH IURP 0RWLRQ´ 3URFHHGLQJV RI WKH 
,QWHUQDWLRQDO&RQIHUHQFHRQ'9LVLRQ'96HDWWOH86$SS
6(.DKL'$VPDU$)DNLK-1LHWRDQG(1HERW$YLVRQEDVHGV\VWHPIRUPDSSLQJWKHLQVLGH
RIDSLSH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFVDQG%LRPLPHWLFV.DURQ%HDFK3KXNHW
SS
$:HGHO73RFN&=DFK+%LVFKRI'&UHPHUV³$Q,PSURYHG$OJRULWKPIRU79ܮଵ2SWLFDO)ORZ´
6WDWLVWLFDODQG*HRPHWULFDO$SSURDFKHV WR9LVXDO0RWLRQ$QDO\VLV'DJVWXKO&DVWOH*HUPDQ\ -XO\
WKSS
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